Understanding the link between placental function and fetal growth is critical to comprehend the mechanisms underlying altered fetal growth. This study investigated the relationship between fetal weight and placentome type and size in placentae of singleton and twin fetuses and fetuses within a twin pair from ad libitum-fed ewes at d 140 of pregnancy. In addition, insulin, IGF-I, metabolites, and free AA profi les in fetal, umbilical artery, and vein plasma of singleton and twin fetuses were investigated and used as an indicator of placental nutrient transport. Individual placentae per fetus were dissected, placentomes were classed per type (A to D) and size (light to heavy), and placentome number and individual weight were recorded. Twin fetuses were 16% lighter (P = 0.01) than singletons and had a smaller placenta, with 28% decreased placentome weight (P = 0.03) and 35% fewer placentomes (P = 0.001). Twins also had a different distribution of placentome type and size compared with placentae of singletons, such that twins showed a greater proportion of type B and light placentomes compared with singletons. In twins, umbilical artery plasma had less Glu (P < 0.05) and greater Gln (P < 0.05) concentrations than fetal plasma or umbilical vein plasma, but no differences in AA concentrations were observed between these pools in singletons. Glutamate is a major oxidation energy source for the placenta, and the fetal liver is the net producer of Glu using Gln as its main precursor, indicating that the functionality of the fetoplacental unit may be different between singletons and twins. Twin fetuses had 13% less insulin (P = 0.04) concentrations in umbilical artery plasma than singletons. Plasma of twin fetuses had 39% less IGF-I (P = 0.003), 33% less His (P = 0.03), and 22% less Gln (P = 0.02) concentrations and tended to have 44% less Arg (P = 0.07) and 20% less Leu (P = 0.06) concentrations than singletons. Arginine, His, and Leu are examples of AA that can promote insulin secretion, and in turn, insulin can increase fetal IGF-I concentrations. In addition, insulin and IGF-I are important fetal growth factors by stimulating and regulating AA transport across the placenta. Collectively, these results indicate that the functionality of the fetoplacental unit may be different between singletons and twins and that AA transport may be reduced in twin placentae.
INTRODUCTION
In sheep, placental exchange of nutrients occurs at sites called placentomes (Ford, 2000) . Ovine placentomes can be classifi ed into 4 types (A to D) on the basis of their gross morphological appearance (Vatnicket al., 1991) , and more everted placentomes (more C and D types) are believed to be an adaptation to increase nutrient delivery to the compromised fetus (Penninga and Longo, 1998; Hoet and Hanson, 1999) .There is no direct evidence that shows that nutrient transport is enhanced in more everted placentomes to date. In addition, placentome size, rather than type, has been shown to be more important for vascularity (Vonnahme et al., 2008) , but the relative importance of placentome type and size for fetal growth in sheep remains unclear.
It is well known that the twin uterine environment differs from that of singletons. However, both fetuses are not always growth restricted within a twin pair at term (Clarke et al., 2000) . Studies in humans have shown that in twin pregnancies, a close relationship between placental and birth weight is not always observed (Eberle et al., 1993) . We and others have reported placental data for twins in sheep on a twin pair basis (McCoard et al., 1997; Dwyer et al., 2005; Vonnahme et al., 2006 Vonnahme et al., , 2008 .To date, little information is available on the placentome type and size distribution per twin fetus within a twin pair.
Understanding the link between placental function and fetal growth is critical to elucidate the mechanisms underlying altered fetal growth. In humans, the placenta has been found to be the link between AA, the insulin-IGF axis, and low birth weight (Bajoria et al., 2002) . It is unknown if a similar link exists in sheep and if this link could explain differences in fetal weight between singleton and twins.
The fi rst objective of this study was to investigate the relationship between placentome morphology (type and size) and fetal weight in late pregnancy in individual placentae of singleton and twin fetuses and of fetuses within a twin pair. We hypothesized that placentome size is a more important determinant of fetal weight than morphologic type. The second objective was to determine if placental function was altered between singletons and twins using insulin, IGF-I, and free AA profi les in fetal, umbilical artery, and vein plasma of singleton and twin fetuses in late pregnancy as indicators for placental nutrient transport. We hypothesized that individual twin fetuses have reduced concentrations of AA, insulin, and IGF-I compared with singletons, indicating altered placental nutrient transport.
MATERIALS AND METHODS
The study and all animal handling procedures were approved by the AgResearch Grasslands Animal Ethics Committee, Palmerston North, New Zealand, in accordance with the 1999 Animal Welfare Act of New Zealand.
Ten singleton-bearing and 6 twin-bearing ewes, aged 3 to 4 yr old, were selected out of a commercial Romney fl ock at approximately 90 d of pregnancy (P90). Selected ewes were offered ad libitum grazing as one group on pasture with a minimum herbage cover of 1,100 kg DM/ha under New Zealand commercial grazing conditions.
Ewes were weighed and BCS was measured (Jefferies, 1961) every 10 d after P90 until P140. At P130, the selected ewes were transported to the Grassland Animal Facilities and were provided access to ad libitum grazing on pasture with a minimum herbage cover of approximately 1,200 kg DM/ha. At P140, ewes were euthanized by captive bolt, immediately followed by exsanguination. After euthanasia, the abdominal cavity was opened, and the gravid uterus was removed and weighed. The uterus was opened along the antimesometrial side, and blood samples (5 to 10 mL; K 2 EDTA vacutainers; BD vacutainer, Plymouth, UK) from each fetus (cardiac puncture), umbilical vein, and artery were collected. After the blood samples were taken, the umbilical cord was ligated at the abdomen before being severed, and the fetus(es) was removed from the uterus. All blood samples were immediately placed on ice until centrifugation at 1,008 × g for 15 min at room temperature. Triplicate plasma aliquots were stored at −20°C until analyses.
Immediately after the fetus was removed, placentomes were dissected from the uterus and classifi ed morphologically on the basis of the system described by Vatnick et al. (1991) . This system classifi es placentomes on the basis of their shapes (types A to D; Table 1 ). If the types were "intermediate," they were considered to be the more advanced type. The classifi cation of placentome type of all placentae was performed by the same investigator to reduce individual variability. The placentomes were manually separated into their caruncular and cotyledonary components and individually weighed.
The placentomes, based on cotyledonary weight, were classed into light (0 to 2.0 g), medium (2.1 to 4.0 g), and heavy (>4.1 g) groups. Unoccupied caruncles were counted, and the empty uterus was weighed. Fetal membranes (chorioallantoic membranes) were weighed for each singleton and twin pair, as these fetal membranes could not be separated for each individual twin fetus within a pair. To determine within-twin effects on placental characteristics, fetuses with the lightest BW within a pair were classifi ed as light (n = 5), and the heaviest were classifi ed as heavy (n = 5).
Metabolite, Hormone, and AA Assays
All plasma samples were analyzed for glucose, NEFA, triglyceride, insulin, and IGF-I concentrations. Cortisol concentrations were only determined in fetal plasma and were measured using mass spectrometry previously described by van der Linden et al. (2010) .
Plasma metabolite concentrations were measured using a Hitachi 902 autoanalyzer (Hitachi High Technologies Corporation, Tokyo, Japan) using commercial kits for glucose and triglycerides (Roche, Mannheim, Germany) and NEFA (Randox Laboratories Ltd., Ardmore, Crumlin, UK). Plasma IGF-I concentrations were measured by specifi c RIA using an IGFBPblocked RIA (Blum and Breier, 1994; Vickers et al., 1999) . The method was established and validated for maternal and fetal sheep plasma. Insulin was measured by RIA, with ovine insulin as the standard (Sigma, batch I9254; Sigma, Auckland, New Zealand). The minimum detectable concentration was 0.03 ng/mL.
For plasma free AA determination, 500 μL of blood plasma was mixed with 500 μL lithium extraction buffer (14 g/L lithium chloride, 3 g/L lithium hydroxide, 1 g/L phenol, 50 g/L sulfosalic acid) and placed on ice for 15 to 20 min. Volumes of 10 μL lithium hydroxide (5.88 M) were added to the sample to obtain a fi nal pH of 1.5 to 2. This was followed by centrifugation at 13,680 × g for 5 min at 4°C, and the resulting supernatant was fi ltered through a 4 mm 0.2 μ syringe fi lter. The fi ltered sample was analyzed for free AA using a Shimadzu LC10Ai HPLC (Shimadzu Oceania Ltd., Auckland, New Zealand), fi tted with a high-effi ciency lithium-ion exchange column (3 mm i.d. × 150 mm; Pickering Laboratories, Shimadzu Oceania Ltd.). Injected volumes were 10 μL, the reagent fl ow rate was 0.3 mL/min, and the run was 162 min between injections, using lithium buffers as eluants and ninhydrin postcolumn derivatization.
Statistical Analysis
One singleton-bearing ewe lambed before P140 and was excluded from the study (singleton-bearing ewes used n = 9). In addition, the placentomes of 1 twin pair could not be dissected by fetus, as both fetuses were located in the same horn, and was therefore omitted from analysis for placental characteristics (twin-bearing ewes used n = 5).
Only 1 placenta contained type D placentomes, and therefore, type D placentomes were omitted from the analysis.
Repeated measures analysis of ewe BW and ewe BCS were undertaken using the MIXED procedure (SAS Inst. Inc., Cary, NC) with a linear model that included the fi xed effect of pregnancy rank and using the autoregressive (1) covariance structure. Gravid and empty uterine weight and number of unoccupied caruncles were analyzed using the MIXED procedure with a linear model that included the fi xed effect of pregnancy rank. Fetal BW and within-twin pair fetal BW were analyzed using the MIXED procedure with a linear model that included the fi xed effects of either pregnancy rank or fetal size (heavy or light) and the random effect of ewe. Placental parameters were analyzed using the MIXED procedure with a linear model that included the fi xed effects placentome type (A to D), placentome size (light, medium, or heavy), and the pregnancy rank by placentome type or size interaction and the random effect of ewe. Within-twin pair effects on placental parameters were analyzed using the MIXED procedure of SAS with a linear model that included the fi xed effects of fetal size (light or heavy), placentome type (A, B, or C), placentome size (light, medium, or heavy), and the fetal size by placentome type or size interaction and the random effect of ewe.
Blood hormone and metabolite parameters were analyzed using the MIXED procedure of SAS with a linear model that included the fi xed effects of pregnancy rank, blood plasma pool (fetal, umbilical artery, and umbilical vein), and the pregnancy rank by plasma pool interaction and the random effects of ewe.
Fetal sex was found to be nonsignifi cant for any of the placental or blood hormone and metabolites analyzed and therefore was omitted from the fi nal models, and data were not presented.
Pearson's correlations between fetal weight and placental variables or AA concentrations were calculated using the CORR procedure of SAS.
Placental variables within placentome type were log + 1 transformed to normalize the data for analysis. Blood plasma variables were square root transformed when data were not normally distributed and back transformed as least squares means with their 95% confi dence interval (CI). Normally distributed data are presented as least squares means ± SE. Groups were considered significantly different when P < 0.05 and tended to be different when P < 0.10.
RESULTS

Ewe and Uterine Characteristics
Ewe BW and BCS during pregnancy and at P140 were not different between twin-and singleton-bearing ewes ( Fig. 1) . Gravid uteri of twin-bearing ewes were 69% heavier compared with those of singleton-bearing ewes (13.7 ± 0.4 kg vs. 8.1 ± 0.3 kg; P = 0.0001). The empty uterus of twin-bearing ewes was 49% heavier than that of singleton-bearing ewes (889 ± 27 g vs. 594 ± 22 g; P = 0.0001). Fetal membrane weight was not different between twin and singleton placentae (282 ± 25 g vs. 296 ± 20 g; P = 0.67). No differences between twinand singleton-bearing ewes were found in the number of unoccupied caruncles (18 ± 8 vs. 30 ± 6; P = 0.27).
Fetal and Placental Characteristics
Twin fetuses were 16% lighter than singletons (4022 ± 173 g vs. 4779 ± 140 g; P = 0.006). Placentae of individual twin fetuses had 35% fewer placentomes (57 ± 5 vs. 88 ± 6; P = 0.001), 28% less (P = 0.03) total placentome weight, and 33% less (P = 0.002) total caruncular weight and tended to have 27% less (P = 0.08) total cotyledonary weight compared with the placentae of singletons (Fig. 2) . In addition, twin fetuses had 17% greater fetal:placentome weight ratio than singletons; however, this difference did not reach signifi cant levels (16.2 ± 1.3 vs. 13.8 ± 1.1; P = 0.19). Placentae of twin fetuses had a 65% greater (P = 0.03) proportion of type B placentomes and tended (P = 0.07) to have a 38% smaller proportion of light placentomes compared with placentae of singletons (Fig. 3) . Singleton placentae had greater (P < 0.05) proportions of type A and B than C placentomes, whereas twin placentae were mainly occupied by type B placentomes. Twin placentae were occupied by a greater (P = 0.05) proportion of medium placentomes than light placentomes. No differences among placentome size were found within singleton placentae (Fig. 3) .
Within type A, twin placentae tended (P = 0.08) to have 45% less light placentomes than singleton placentae (Fig. 4) . Singleton placentae had a greater (P = 0.01) proportion of light placentomes than heavy placentomes within type A. No differences among placentome size proportions were observed for twin placentae within type A (Fig.  4) . Within type B, twin placentae had greater (P = 0.05) proportions of heavy placentomes than light placentomes. No differences among placentome size proportions were Total placentome weight (Total), cotyledonary weight (COT), and caruncular (CAR) weight of placentae of (A) singleton (n = 9) and twin (n = 10) fetuses and (B) light (n = 5) and heavy (n = 5) twins within a pair (data are shown per fetus) at d 140 of pregnancy. Data are expressed as least squares means ± SE. *P < 0.05 and †P < 0.10 show differences between pregnancy rank. observed for singleton placentae within type B. No differences between singleton and twin placentae were found for placentome size within type C (Fig. 4) .
Fetal and Placental Characteristics within a Twin Pair
The light fetuses of a twin pair were 6% lighter than their heavy counterparts (3,889 ± 174 g vs. 4,154 ± 174 g; P = 0.05). The fetal:placentome weight ratio tended to be 16% smaller for light fetuses compared with heavy fetuses (14.8 ± 1.7 vs. 17.7 ± 1.7; P = 0.07). No differences (P > 0.10) between placentae of light and heavy fetuses were found for total placentome, caruncular, or cotyledonary weight (Fig. 2) and placentome number (62 ± 5 vs. 52 ± 5; P = 0.22), irrespective of placentome type. No differences in proportion of placentome type or size were found between placentae of light and heavy fetuses (Fig. 3) . However, the placentae of light fetuses had a greater (P < 0.05) proportion of type B placentomes compared with types A and C. Heavy fetuses had a greater proportion (P < 0.05) of type A and B compared with C placentomes. In addition, heavy fetuses had a greater proportion (P = 0.05) of medium placentomes compared with light placentomes, but no such differences were observed in the placentae of light fetuses (Fig.  3) . No differences were found between light and heavy fetuses for placentome weight or number within placentome type (data not shown).
Blood Plasma Characteristics
To determine if placental function was altered between twins and singletons, concentrations of free AA, insulin, IGF-I, and metabolites in fetal, umbilical artery, and vein plasma were measured. Fetal plasma of twin fetuses had 33% less (P = 0.03) concentrations of His and 22% less (P = 0.02) concentrations of Gln and tended to have 44% less (P = 0.07) Arg and 20% less (P = 0.06) Leu concentrations than singletons (Fig. 5) . Glutamine and Glu concentrations were different among the plasma pools in twins only, such that twin fetuses had greater (P < 0.05) Gln concentration in the umbilical artery compared with fetal and umbilical vein plasma and had reduced (P = 0.01) Glu concentrations in umbilical artery plasma compared with fetal plasma and tended to have reduced (P = 0.09) Glu concentrations in umbilical artery plasma compared with umbilical vein plasma (Figs. 6A and 6B). No differences in Gln and Glu concentrations among plasma pools were observed in plasma from singletons. However, concentrations of Gln in fetal and umbilical vein plasma were lower (P < 0.05) in twins compared with singletons. Asparagine concentrations were greater (P = 0.05) in umbilical vein plasma compared with fetal plasma in singletons only, whereas concentrations of Asn in umbilical vein plasma were lower (P = 0.01) in twins compared with umbilical vein plasma of singletons.
Twin fetuses had 39% lower (P = 0.004) IGF-I concentrations than singletons in fetal plasma, and insulin concentrations in umbilical artery plasma were 13% lower (P = 0.04) in twin fetuses than in singletons (Figs. 7A and 7B). No differences among plasma pools within twins and singletons were observed for IGF-I and insulin concentrations. No differences in fetal plasma between singleton and twin fetuses were observed for glucose and triglyceride concentrations; however, twin fetuses had 35% greater (P = 0.003) triglyceride concentrations in umbilical artery plasma than singletons ( Fig. 7C and 7D ). Glucose and triglyceride concentrations were different among plasma pools for twin fetuses only, such that twin fetuses showed greater (P < 0.05) glucose concentrations in fetal and umbilical vein plasma compared with umbilical artery plasma (Fig. 7C ). In addition, twin fetuses had greater (P < 0.05) concentrations of triglycerides in umbilical artery plasma than fetal and umbilical vein plasma. In addition, triglyceride concentrations were greater (P = 0.003) in umbilical artery plasma of twins than singletons (Fig. 7D) . No such differences in glucose and triglyceride concentrations among plasma pools were observed for singletons. Fetal plasma concentrations of NEFA tended to be less in twin fetuses compared with singletons [38 μmol/L (33 to 43) vs. 50 μmol/L (45 to 55); P = 0.08]. . Fetal, umbilical vein, and umbilical artery concentrations of (A) l-Gln, (B) l-Glu, and (C) l-Asn of singleton (n = 9) and twin (n = 10) fetuses at d 140 of pregnancy. Data are expressed as least squares means ± SE. *P < 0.05 shows differences between pregnancy ranks. Columns with different superscripts show differences within pregnancy rank (P < 0.05).
Among plasma pools, NEFA concentrations were different (P < 0.05), such that in twins NEFA concentrations were the greatest in umbilical vein plasma followed by umbilical artery plasma and least in fetal plasma [63 μmol (56 to 70) 
Correlations between Fetal Weight and AA Concentrations
To determine which AA are related to fetal weight, Pearson's correlations were calculated, and the significant correlations are presented in Table 2 . In twins, fetal weight was positively correlated with Tyr irrespective of plasma pool and in fetal and umbilical artery plasma (Table 2 ). However, in singleton fetuses opposite correlations were found between fetal weight and Tyr, such that fetal weight was negatively correlated with Tyr in all plasma pools combined and in fetal, umbilical vein. and artery plasma. In singleton fetuses, fetal weight was positively correlated with Met in all plasma pools combined and in fetal, umbilical vein, and artery pools individually (Table 2 ). In addition, singleton fetuses showed a negative correlation between fetal weight and Cit for all plasma pools combined, and this correlation tended to be signifi cant in umbilical vein and artery pools. However, these relationships with Met and Cit were not observed in twin fetuses.
Correlations between Fetal Weight and Placentome Parameters
To determine if fetal weight is more closely linked to placentome type or size, Pearson's correlations were calculated for overall placental weight parameters and per morphologic type. Irrespective of pregnancy rank, Figure 7 . Fetal, umbilical vein, and umbilical artery concentrations of (A) IGF-I, (B) insulin, (C) glucose, and (D) triglycerides of singleton (n = 9) and twin (n = 10) fetuses at d 140 of pregnancy. Data are expressed as least squares means ± SE or 95% CI. *P < 0.05 shows differences between pregnancy ranks. Columns with different superscripts show differences within pregnancy rank (P < 0.05). a positive relationship between fetal weight and total placentome number was found (r = 0.52; P = 0.02), and there tended (r = 0.39; P = 0.10) to be a positive relationship between fetal weight and total placentome weight. Fetal weight tended to be positively correlated with total caruncular weight irrespective of pregnancy rank (r = 0.39; P = 0.10). However, fetal and total caruncular weights were negatively correlated in twins (r = −0.82; P = 0.004), and no signifi cant relationship was found for singletons (r = 0.13; P = 0.74). Within type B placentomes, fetal weight of singleton fetuses tended to be positively correlated with total placentome (r = 0.60; P = 0.09), caruncular (r = 0.60; P = 0.09), and cotyledonary (r = 0.60; P = 0.09) weights. No correlations were found for twin fetuses within type B placentomes. No correlations between fetal weight and placental weight measures were found within type A and C placentomes.
DISCUSSION
The fi rst objective of this study was to investigate the relationship between placentome morphology (type and size) and fetal weight in late pregnancy in individual placentae of singleton and twin fetuses and of fetuses within a twin pair. We hypothesized that placentome size is a more important determinant of fetal weight than morphologic type in both singleton and individual twin placentae and within a twin pair. This study indicates that fetal weight may be more dependent on the distribution of placentome size and type as this study showed that the proportions of placentome size and type were differently distributed between placentae of singletons and twins. Placentae of twin fetuses had a greater proportion of type B placentomes and a smaller proportion of light placentomes than placentae of singletons. These fi ndings agree with the suggestion that more everted placentomes develop in suboptimal uterine conditions in an attempt to increase nutrient transport to the fetus (Hoet and Hanson, 1999; Vonnahme et al., 2006) . It is believed that placental nutrient delivery is increased in more everted placentomes, but relatively little information is available in sheep on placental nutrient delivery with respect to placentome type and placentome size in particular.
Fetal weight within a twin pair was 6% different; however, no differences were observed for total placentome weight or number per placentome type within twins. The heavy twin tended to have a more effi cient placenta (greater fetal:placentome weight ratio) compared with the light twin and thus more fetal weight per unit of placental weight. This is opposite to what we found when we compared the fetal:placentome weight ratio of the (heavier) singletons with the (lighter) twins. Eberle et al. (1993) showed in human twins that the lighter twin is as likely to have the larger part of the placenta as the smaller part. This indicates that reduced nutrient transfer by a smaller placenta does not seem to be solely responsible for a decrease in twin weight (Eberleet al., 1993) . In addition, similar fi ndings have been shown in pigs (Biensen et al., 1999) . Placental data for twins in sheep have mainly been reported on a twin pair basis in the past (McCoard et al., 1997; Dwyer et al., 2005; Vonnahme et al., 2006 Vonnahme et al., , 2008 , but our current results indicate that the 2 placentae of twins are not the same as 2 individual singleton placentae.
The second objective of this study was to determine if placental function was altered between singletons and twins using free AA profi les, insulin, IGF-I, and metabolite concentrations in fetal, umbilical artery, and vein plasma of singleton and twin fetuses in late pregnancy, which were used as indicators for placental nutrient transport. We hypothesized that individual twin fetuses have reduced concentrations of AA, insulin, and IGF-I compared with singletons, indicating altered placental function. Our study showed that twin fetuses had decreased Table 2 . Estimates of Pearson's correlation coeffi cients r between fetal weight and AA concentrations in all plasma pools combined (All) and in fetal umbilical vein and artery plasma pools for singleton (n = 9) and twin (n = 10) fetuses at d 140 of pregnancy 1 concentrations of insulin in umbilical artery plasma and IGF-I concentrations in all 3 plasma pools compared with singletons. Previous work has shown reduced fetal plasma insulin concentrations in twin fetuses compared with singletons in late pregnancy (Rumball et al., 2008; Green et al., 2011) . Insulin is an important determinant of fetal growth (Oliver et al., 1996; Brown et al., 2011) , indicating that reduced concentrations of insulin may contribute to intrauterine growth restriction. Insulin is also a regulator of plasma IGF-I concentrations (Oliver et al., 1996) , and IGF-I has been shown to stimulate placental growth (Brownet al., 2011) . Both IGF-I and insulin increase AA uptake by human trophoblast cells in vitro (Karl et al., 1992; Karl, 1995) . Decreased IGF-I and insulin concentrations in umbilical artery plasma may lead to lower concentrations of IGF-I and insulin returning back to the placenta in twins, which, in turn, could reduce AA uptake by the placenta. Amino acids serve as essential precursors for the synthesis of a variety of molecules (e.g., proteins, neurotransmitters, polyamines) and also regulate key metabolic pathways (e.g., growth, reproduction), cell signaling pathways [e.g., mechanistic target of rapamycin (mTOR)], and processes, such as hormone secretion, that are vital for optimal growth and development (Wu, 2009 ). For example, His, Arg, and Leu can promote insulin secretion (Brown et al., 2011) , which, in turn, can affect fetal growth. In humans, the placenta has been found to link AA transport and the insulin-IGF axis with lighter birth weight (Bajoria et al., 2002) . The observed lighter birth weight and plasma insulin, His, Arg, Leu, and Gln in twins compared with singletons in this study may indicate that AA transport may differ in twin placentae and/or that the fetoplacental unit of twins exhibits a different AA metabolism compared with singletons. The mechanism that may be responsible for this difference is unclear. The mTOR signaling pathway has been shown to be a nutrient sensor in the placenta (Roos et al., 2009 ) to coordinate fetal nutrient supply with maternal nutrient availability (Jansson and Powell, 2006) . Arginine, Leu, Gln, insulin, and IGF-I are known activators of the mTOR pathway (Roos et al., 2009) . Therefore, signaling via the mTOR pathway may be downregulated in the placenta of twins relative to singletons and warrants further investigation.
Glutamate is a major oxidation energy source for the placenta, and the fetal liver is the net producer of Glu (Vaughn et al., 1995; Battaglia, 2000) . Glutamine is the main precursor for Glu production, as there is no Glu transport across the placenta from ewe to fetus (Neu, 2001) . The greater Gln and reduced Glu concentrations in the umbilical artery compared with fetal and umbilical vein plasma, which was observed in twin fetuses only, is a surprising fi nding as the opposite was expected. The function of these changes in the Glu and Gln concentrations in umbilical artery plasma is unclear; however, 2 potential concepts are proposed. First, Gln may not have been fully utilized by the fetal liver for Glu synthesis, resulting in reduced Glu and increased Gln concentrations in umbilical artery relative to fetal and umbilical vein plasma, which may lead to reduced energy for the twin placentae. Reduced energy for the placenta may result in reduced placental nutrient transport and therefore reduced fetal growth. Second, greater breakdown of fetal protein stores (muscle; Lemons and Schreiner, 1983) may explain the increased concentrations of Gln in umbilical artery plasma, which, in turn, could explain reduced fetal mass in twins. The implication of greater Gln and reduced Glu concentrations in the umbilical artery plasma may play a role in the initiation of parturition in twins via the oxidation capacity of Glu. Glucose oxidation in the placenta is involved in maintaining pregnancy as Glu oxidation stimulates progesterone synthesis via the generation of nicotinamide adenine dinucleotide phosphate (Moores et al., 1994; Vaughn et al., 1995) . However, fetal cortisol concentrations were not different between pregnancy ranks at the time of sampling, which could indicate that the reduced energy, and potentially progesterone synthesis, for the placenta occurs before the fetal cortisol surge, as was also hypothesized by Thorburn (1991) .
Relationships between fetal weight and AA were also affected by pregnancy rank, such that twin fetuses showed positive correlations with Tyr and Phe, whereas these relationships were negative in singletons, although the negative relationship with Phe was not signifi cant in singletons. Phenylalanine is hydroxylated to Tyr in the fetal liver and kidney (Van Den Akker et al., 2009) . Hydroxylation of Phe to Tyr takes place when either an excess of Phe exists or Tyr delivery to the fetus is not optimal (Liechty et al., 1999; Van Den Akker et al., 2009) . Tyrosine is required for protein accretion, and our data may indicate that Phe and Tyr may be limited for singleton growth but not that of twins in late gestation.
Overall, the different relationships for fetal weight and AA concentrations between twin and singleton fetuses reinforce the likelihood that AA metabolism and utilization may be different between pregnancy ranks. Further research to determine whether the AA metabolism between pregnancy ranks differs is needed to confi rm these results.
In conclusion, fi rst, fetal weight may be more dependent on the distribution of placentome size and type. Second, these results indicate that the AA transport in twin fetuses may be reduced compared with singletons and placental functionality of the fetoplacental unit is different between singletons and twins. Future research should place emphasis on placentome size also rather than on morphologic type alone when investigating pla-cental functionality and fetal growth in sheep. More research is needed to determine how the fetoplacental unit differs between singleton and twin fetuses to better understand placental function and to be able to ameliorate fetal growth restriction in the future.
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